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7KHFRQVHTXHQFHRIWKLVKHWHURJHQHLW\LQSODQWOHYHOUHVSRQVHVWRFKDQJHV ? ? ?
LQVRLOPRLVWXUHLVWKDWVRLOWH[WXUHLVOLNHO\WREHFRPHLQFUHDVLQJO\LPSRUWDQWIRUFRQWUROOLQJ ? ? ?
$*%DVGU\VHDVRQOHQJWKLQFUHDVHV6RLOIHUWLOLW\JUDGLHQWVDOVRLQIOXHQFH$PD]RQLDQ$*% ? ? ?
KRZHYHUDVZHVKRZLQSI Appendix S2, LWGRHVQRWDFFRXQWIRUWKHREVHUYHGUHJLRQDOVFDOH ? ? ?
SDWWHUQRILQFUHDVLQJELRPDVVKHWHURJHQHLW\ZLWKLQFUHDVLQJ'6/ ? ? ?
7KH('ELRVSKHUHPRGHOZDVXVHGWRLQYHVWLJDWHWKHH[SHFWHGSDWWHUQVDQGWLPHVFDOHV ? ? ?
RI$PD]RQLDQHFRV\VWHPUHVSRQVHWRDRQHWRIRXUPRQWKFKDQJHLQ'6/RYHUWKHVWFHQWXU\ ? ? ?
(DUOLHUDQDO\VHVKDYHVXJJHVWHGWKDWE\DFFXUDWHO\UHSUHVHQWLQJWKHG\QDPLFVRILQGLYLGXDO ? ? ?
WUHHVPRGHOVVXFKDV('WKDWLQFRUSRUDWHSODQWOHYHOG\QDPLFVDUHOLNHO\WRSURYLGHPRUH ? ? ?
UHDOLVWLFHVWLPDWHVRIIRUHVWVXFFHVVLRQDOFKDQJH)RUHVWVZLWKDPRQWKGU\VHDVRQRI ? ? ?
WKH$PD]RQEDVLQDUHSURMHFWHGWRORVHaRIWKHLUELRPDVVZLWKDPRQWKLQFUHDVHLQ'6/ ? ? ?
UDQJHRIORVVRI$*%GHSHQGHQWRQFOD\FRQWHQWZKLOHGULHUIRUHVWVPRQWK'6/ ? ? ?
  ?
UHVSRQGPRUHUDSLGO\WRFKDQJHVLQFOLPDWHORVLQJa±ORVVGHSHQGHQWRQFOD\ ? ? ?
FRQWHQWRIWKHLUELRPDVVZLWKDRQHPRQWKLQFUHDVHLQ'6/)LJDSI Appendix S7$VWKH ? ? ?
IRUHVWVDGMXVWWRWKHQHZFOLPDWHUHJLPHWKHVSDWLDOKHWHURJHQHLW\RIWKHIRUHVWVWUXFWXUH ? ? ?
FRPSRVLWLRQDQGELRPDVVDFURVVWKHUDQJHRIVRLOWH[WXUHVJUDGXDOO\LQFUHDVHV$VVHHQLQ)LJE ? ? ?
WKHPRGHOSUHGLFWVWKDWIRUHVWVLQVRLOVZLWKORZFOD\FRQWHQWZLOOEHUHODWLYHO\XQDIIHFWHG ? ? ?
KRZHYHULQKLJKFOD\FRQWHQWVRLOVWKHLQFUHDVHLQOHYHOVRIZDWHUVWUHVVFDXVHGE\WKHRQVHWRID ? ? ?
ORQJHUGU\VHDVRQZLOOUHVXOWLQPDUNHGFKDQJHVLQIRUHVW$*%DQGFRPSRVLWLRQEHJLQQLQJ ? ? ?
DSSUR[LPDWHO\WKUHH\HDUVDIWHUWKHSHUWXUEDWLRQ)LJF7KHWLPHVFDOHRIWKHSUHGLFWHGLQLWLDO ? ? ?
HFRV\VWHPUHVSRQVHLVFRQVLVWHQWZLWKWKHUHVXOWVIURPWZRILHOGEDVHGWKURXJKIDOOH[FOXVLRQ ? ? ?
H[SHULPHQWVZKLFKVKRZHGGHFOLQLQJELRPDVV\HDUVDIWHUDGURXJKWZDVLQWURGXFHG ? ? ?
8QGHUO\LQJWKHVHSUHGLFWHGFKDQJHVLQ$*%DQGFDQRS\FRPSRVLWLRQDUHUHGXFWLRQVLQSODQW ? ? ?
JURZWKDQGLQFUHDVHVLQPRUWDOLW\UDWHV)LJV6DQG6:KLOHWKHPDMRULW\RIWKHFKDQJHLQ ? ? ?
$*%RFFXUVLQWKHILUVWKXQGUHG\HDUVWKHFRPSRVLWLRQDQGVWUXFWXUHRIWKHIRUHVWFRQWLQXHVWR ? ? ?
UHRUJDQL]HIRUPRUHWKDQWZRKXQGUHG\HDUVDIWHUWKHSHUWXUEDWLRQ)LJF6SHFLILFDOO\WKH ? ? ?
VLPXODWLRQVSUHGLFWDVXEVWDQWLDOGHFOLQHLQWKHDEXQGDQFHRIODWHVXFFHVVLRQDOWUHHVLQKLJKFOD\ ? ? ?
FRQWHQWVRLOV7KLVSUHGLFWLRQDULVHVDVDVLPSOHFRQVHTXHQFHRIWKHVORZHUUDWHRIJURZWKRIODWH ? ? ?
VXFFHVVLRQDOWUHHVWKDWPDNHVWKHPPRUHYXOQHUDEOHWRZDWHUVWUHVVLQGXFHGLQFUHDVHVLQ ? ? ?
PRUWDOLW\UDWHVDQGOHVVFRPSHWLWLYHDJDLQVWPLGVXFFHVVLRQDOVSHFLHVWKDWDUHIDYRUHGE\ ? ? ?
GURXJKWLQGXFHGLQFUHDVHVLQXQGHUVWRU\OLJKWOHYHOV7KLVSUHGLFWLRQRILQFUHDVHGYXOQHUDELOLW\RI ? ? ?
ODWHVXFFHVVLRQDOWUHHVWRLQFUHDVHVLQZDWHUVWUHVVLVDV\HWXQWHVWHGKRZHYHUPRUHJHQHUDOO\ ? ? ?
RXUDQDO\VLVKLJKOLJKWVKRZVKLIWVLQFOLPDWHIRUFLQJDUHOLNHO\WRGULYHVLJQLILFDQWVKLIWVLQ ? ? ?
WURSLFDOIRUHVWFRPSRVLWLRQDQGVWUXFWXUHRYHUGHFDGDODQGFHQWHQQLDOWLPHVFDOHV ? ? ?
  ?
5HFHQWZRUNKDVK\SRWKHVL]HGWKDWWZRVWDEOHHFRV\VWHPVWDWHVPD\H[LVWDORQJWKH ? ? ?
ERXQGDULHVRIWURSLFDOIRUHVWVDQGWKDWDWLSSLQJSRLQWPD\RFFXURQFHDFOLPDWRORJLFDOPRLVWXUH ? ? ?
WKUHVKROGLVSDVVHG,QVWHDGE\FRPELQLQJILHOGREVHUYDWLRQVUHPRWHVHQVLQJHVWLPDWHV ? ? ?
DQGDWHUUHVWULDOELRVSKHUHPRGHOZHILQGQRHYLGHQFHHLWKHUWKDWDQLUUHYHUVLEOHUDSLGWUDQVLWLRQ ? ? ?
RUGLHEDFNRI$PD]RQIRUHVWVZLOORFFXULQUHVSRQVHWRDGU\LQJFOLPDWHRUWKDWIRUHVWVZLOO ? ? ?
EHXQUHVSRQVLYH5DWKHURXUUHVXOWVVXJJHVWWKDWDWOHDVWLQWKHFDVHRI$PD]RQLDQ ? ? ?
IRUHVWVWKHHFRV\VWHPZLOOH[KLELWDQLPPHGLDWHEXWKHWHURJHQHRXVUHVSRQVHWRFKDQJHVLQLWV ? ? ?
FOLPDWHIRUFLQJDQGWKDWDFRQWLQXXPRIWUDQVLWLRQDOIRUHVWHFRV\VWHPVWDWHVH[LVWV7KHVH ? ? ?
FRQFOXVLRQVDUHFRQVLVWHQWZLWKH[SHULPHQWDOREVHUYDWLRQVDFURVV$PD]RQLDRIVKRUWWHUP ? ? ?
GURXJKWLPSDFWV)XUWKHUPRUHZHILQGWKDWIXWXUHFOLPDWHLQGXFHGVKLIWVEHWZHHQDPRLVW ? ? ?
WURSLFDOIRUHVWDQGGU\IRUHVWZLOOEHDPRUHJUDGHGWUDQVLWLRQDFFRPSDQLHGE\LQFUHDVLQJVSDWLDO ? ? ?
KHWHURJHQHLW\LQIRUHVWDERYHJURXQGELRPDVVFRPSRVLWLRQDQGG\QDPLFVDFURVVJUDGLHQWVLQ ? ? ?
VRLOWH[WXUH7KHDELOLW\RI$PD]RQLDQIRUHVWVWRXQGHUJRUHRUJDQL]DWLRQRIWKHLUVWUXFWXUHDQG ? ? ?
FRPSRVLWLRQLQUHVSRQVHWRFOLPDWHLQGXFHGFKDQJHVLQOHYHOVRISODQWVWUHVVDFWVDVDQLPSRUWDQW ? ? ?
EXIIHUDJDLQVWPRUHGUDVWLFWKUHVKROGFKDQJHVLQYHJHWDWLRQVWDWHWKDWZRXOGRWKHUZLVHRFFXU ? ? ?
KRZHYHULWDOVRPHDQVWKDWWKHIRUHVWVDUHPRUHVHQVLWLYHWRVPDOOHUPDJQLWXGHFKDQJHVLQWKHLU ? ? ?
FOLPDWHIRUFLQJWKDQSUHYLRXVVWXGLHVKDYHVXJJHVWHG ? ? ?
7KHDQDO\VLVFRQGXFWHGKHUHLQWHQWLRQDOO\IRFXVHGRQWKHGLUHFWLPSDFWVRIFKDQJHVLQ ? ? ?
FOLPDWHIRUFLQJRQYHJHWDWLRQDQGGLGQRWLQFRUSRUDWHWKHHIIHFWVRIVRLOQXWULHQWVFOLPDWHGULYHQ ? ? ?
FKDQJHVLQILUHIUHTXHQF\WKHHIIHFWVRILQFUHDVLQJDWPRVSKHULFFDUERQGLR[LGHFRQFHQWUDWLRQV ? ? ?
WKHLPSDFWVRIODQGWUDQVIRUPDWLRQDQGELRVSKHUHDWPRVSKHUHIHHGEDFNV:LWKUHJDUGWRVRLO ? ? ?
QXWULHQWVDWWKHEDVLQVFDOHDQDO\VHVLQGLFDWHWKDWIRUHVWFRPSRVLWLRQVWUXFWXUHELRPDVVDQG ? ? ?
G\QDPLFVDOVRYDU\DFURVVDJUDGLHQWLQVRLOIHUWLOLW\ZLWKWKH\RXQJHUPRUHIHUWLOHVRLOV ? ? ?
  ?
RIZHVWHUQ$PD]RQLDQVXSSRUWLQJIRUHVWVZLWKORZHUDERYHJURXQGELRPDVVDQGKLJKHUUDWHVRI ? ? ?
ELRPDVVSURGXFWLYLW\DQGVWHPWXUQRYHUUHODWLYHWRWKHIRUHVWVRIWKHFHQWUDO$PD]RQDQG ? ? ?
*XLDQDQ6KLHOGZKLFKDUHORFDWHGRQROGHUPRUHQXWULHQWSRRUVRLOV0HDQZKLOHODQGVFDSHVFDOH ? ? ?
VWXGLHVLQWKHFHQWUDODQGQRUWKZHVWHUQ$PD]RQLDKDYHIRXQGWKDWPRUHIHUWLOHFOD\ ? ? ?
VRLOVKDYHKLJKHUDERYHJURXQGELRPDVVWKDQQXWULHQWSRRUVDQG\VRLOV)XUWKHUGLVFXVVLRQRIWKH ? ? ?
LPSDFWRIVRLOQXWULHQWVFDQEHIRXQGLQSI Appendix S2 ? ? ?
3ODQWZDWHUDYDLODELOLW\LVDIIHFWHGE\ERWKWKHK\GUDXOLFSURSHUWLHVRIVRLOVDQGSODQW ? ? ?
K\GUDXOLFDUFKLWHFWXUH2XUILQGLQJVRIWKHLPSRUWDQFHRILQGLYLGXDOSODQWZDWHUVWUHVVRQIRUHVW ? ? ?
UHVSRQVHWRFKDQJHVLQFOLPDWHKLJKOLJKWWKHQHHGIRUDGGLWLRQDOVWXGLHVLQWRERWKRIWKHVH ? ? ?
LPSRUWDQWEXWUHODWLYHO\XQGHUVWXGLHGSURSHUWLHVRIWURSLFDOIRUHVWV:LWKUHJDUGWRVRLO ? ? ?
K\GUDXOLFSURSHUWLHVUHFHQWVWXGLHVVXJJHVWWKDWWKHUHODWLRQVKLSEHWZHHQDVRLO¶VWH[WXUHDQGLWV ? ? ?
K\GUDXOLFSURSHUWLHVPD\GLIIHUVLJQLILFDQWO\EHWZHHQWURSLFDODQGWHPSHUDWHVRLOV ? ? ?
+RZHYHUWKHLPSDFWRIWKHVHGLIIHUHQFHVRQSODQWZDWHUDYDLODELOLW\UHPDLQVXQFHUWDLQ:LWK ? ? ?
UHJDUGWRSODQWK\GUDXOLFDUFKLWHFWXUHZKLOHVRPHPHDVXUHPHQWVH[LVWRQURRWLQJSURSHUWLHVDQG ? ? ?
YDVFXODUDUFKLWHFWXUHRIWURSLFDOWUHHVWKHDERYHDQGEHORZJURXQGK\GUDXOLFDWWULEXWHV ? ? ?
RIWURSLFDOWUHHVUHPDLQSRRUO\FKDUDFWHUL]HGHVSHFLDOO\FRPSDUHGWRWKDWRIWHPSHUDWHWUHHV ? ? ?
,QVRPHDUHDVSDUWLFXODUO\WKRVHZLWKORQJGU\VHDVRQVLQFUHDVLQJZDWHUVWUHVVLVOLNHO\WR ? ? ?
EHDFFRPSDQLHGE\LQFUHDVHVLQILUHIUHTXHQF\ZKLFKPD\DFWWRJHQHUDWHPRUHUDSLGWUDQVLWLRQV ? ? ?
IURPDKLJKHUELRPDVVIRUHVWHGVWDWHWRDPRUHVDYDQQDKOLNHELRPH6LQFHWKHVHWZR ? ? ?
PHFKDQLVPVKDYHGLVWLQFWLPSDFWVRQIRUHVWFRPSRVLWLRQVWUXFWXUHDQGIXQFWLRQERWKPXVWEH ? ? ?
FRQVLGHUHGZKHQSUHGLFWLQJIXWXUHUHVSRQVHVWRFKDQJHVLQFOLPDWH7KHSRWHQWLDOLPSDFWVRIILUH ? ? ?
RQSDWWHUQVRIHFRV\VWHPFKDQJHDUHGLVFXVVHGLQSI Appendix S15HFHQWPRGHOLQJVWXGLHV ? ? ?
LQGLFDWHWKDW&2IHUWLOL]DWLRQPD\PLWLJDWHWKHLPSDFWRILQFUHDVLQJZDWHUVWUHVVKRZHYHU ? ? ?
  ? ?
H[SHULPHQWDOVWXGLHVDUHQHHGHGWREHWWHUTXDQWLI\WKHLPSDFWRIHOHYDWHG&2FRQFHQWUDWLRQVRQ ? ? ?
WKHSK\VLRORJLFDOIXQFWLRQLQJRI$PD]RQWUHHV ? ? ?
:KLOHUHJLRQDOSDWWHUQVRI$PD]RQLDQDERYHJURXQGELRPDVV$*%DUHFRPSOH[ ? ? ?
UHIOHFWLQJWKHLPSDFWRIPXOWLSOHIDFWRUVRXUUHVXOWVVXJJHVWWKDWSODQWOHYHOUHVSRQVHVWRVRLO ? ? ?
WH[WXUHKHWHURJHQHLW\DQGFKDQJHVLQ'6/DUHLPSRUWDQWLQH[SODLQLQJWKHREVHUYHGEDVLQZLGH ? ? ?
SDWWHUQRIYDULDWLRQLQ$PD]RQLDQ$*%SURYLGLQJDPHFKDQLVWLFH[SODQDWLRQIRUWKHREVHUYHG ? ? ?
FRUUHODWLRQVEHWZHHQ'6/DERYHJURXQGELRPDVVDQGFKDQJHVLQVWDQGVWUXFWXUHDQG ? ? ?
FRPSRVLWLRQ7KHVHFRQFOXVLRQVPD\DOVRDSSO\WR$IULFDQDQG$VLDQWURSLFDOIRUHVWV ? ? ?
KRZHYHULPSRUWDQWGLIIHUHQFHVH[LVWLQWKHIXWXUHFOLPDWHSUHGLFWLRQVIRUWKHVHUHJLRQVDQG ? ? ?
WKHLUVRLOHGDSKLFDQGQXWULHQWFKDUDFWHULVWLFVDQGKLVWRULFDOILUHUHJLPHV ? ? ?
7KHUHVSRQVHRIIRUHVWVWRFKDQJHVLQWKHLUFOLPDWHIRUFLQJLVDQHPHUJHQWHFRV\VWHP ? ? ?
OHYHOUHVSRQVHWKDWLVXOWLPDWHO\GULYHQE\LQGLYLGXDOWUHHVUHVSRQGLQJWRFKDQJHVLQWKHLUORFDO ? ? ?
HQYLURQPHQWV1RQOLQHDULWLHVLQWKHSHUIRUPDQFHRILQGLYLGXDOSODQWVVXFKDVWKHLUUDWHVRI ? ? ?
SKRWRV\QWKHWLFDVVLPLODWLRQDQGPRUWDOLW\DVHQYLURQPHQWDOFRQGLWLRQVFKDQJHLPSO\WKDW ? ? ?
WHUUHVWULDOELRVSKHUHPRGHOVQHHGWRUHSUHVHQWWKHVHGLIIHUHQWLDOUHVSRQVHVRILQGLYLGXDOVLQRUGHU ? ? ?
WRDFFXUDWHO\FDSWXUHHPHUJHQWHFRV\VWHPSURSHUWLHV7KLVDQDO\VLVGHPRQVWUDWHVWKDWWKH ? ? ?
FRQYHQWLRQDODSSURDFKRIPRGHOLQJDYHUDJHSODQWVLQDYHUDJHHQYLURQPHQWVZLWKLQ ? ? ?
FOLPDWRORJLFDOJULGFHOOVXQGHUHVWLPDWHVWKHGLUHFWQHDUWHUPUHVSRQVHRIWURSLFDOIRUHVWVWR ? ? ?
FOLPDWRORJLFDOFKDQJHEXWRYHUHVWLPDWHVWKHGLUHFWLPSDFWVRIODUJHUVFDOHFKDQJHVLQIRUFLQJ ? ? ?
&RQVHTXHQWO\DFFXUDWHSUHGLFWLRQVIRUWKHWLPLQJDQGQDWXUHRIIRUHVWUHVSRQVHVWRFKDQJHVLQ ? ? ?
FOLPDWHUHTXLUHFRQVLGHUDWLRQRIKRZFOLPDWHDQGVRLOVDIIHFWWKHSHUIRUPDQFHRILQGLYLGXDOV ? ? ?
ZLWKLQSODQWFDQRSLHV$VZHKDYHVKRZQKHUHPRGHOVWKDWLQFRUSRUDWHSODQWOHYHOG\QDPLFVDUH ? ? ?
DEOHWRPRUHDFFXUDWHO\FKDUDFWHUL]HREVHUYHGH[WDQWSDWWHUQVRIYDULDWLRQLQWKHVWUXFWXUH ? ? ?
  ? ?
FRPSRVLWLRQDQGG\QDPLFVRI$PD]RQLDQHFRV\VWHPVDQGWKDWDFFRXQWLQJIRUWKHVHSDWWHUQVKDV ? ? ?
LPSRUWDQWLPSOLFDWLRQVIRUWKHVHQVLWLYLW\DQGHFRORJLFDOUHVLOLHQFHRI$PD]RQIRUHVWVWRGLIIHUHQW ? ? ?
OHYHOVRIFOLPDWRORJLFDOSHUWXUEDWLRQ ? ? ?
 ? ? ?
0(7+2'6 ? ? ?
7KH(FRV\VWHP'HPRJUDSK\%LRVSKHUH0RGHO('LVDQLQWHJUDWHGWHUUHVWULDO ? ? ?
ELRVSKHUHPRGHOWKDWLQFRUSRUDWHVK\GURORJ\ODQGVXUIDFHELRSK\VLFVYHJHWDWLRQG\QDPLFVDQG ? ? ?
VRLOFDUERQELRJHRFKHPLVWU\DQGXVHVDVL]HDQGDJHVWUXFWXUHGV\VWHPRISDUWLDOGLIIHUHQWLDO ? ? ?
HTXDWLRQV3'(VWRDSSUR[LPDWHWKHLQGLYLGXDOOHYHOG\QDPLFVRISODQWFDQRSLHV ? ? ?
7KHKRUL]RQWDOO\DQGYHUWLFDOO\DYHUDJHG(FRV\VWHP'HPRJUDSK\0RGHO('%/UHSUHVHQWV ? ? ?
H[DFWO\WKHVDPHELRSK\VLFDODQGELRJHRFKHPLFDOSURFHVVHVDV('EXWWKHVL]HDQGDJH ? ? ?
VWUXFWXUHGFDQRS\LVUHSODFHGZLWKDKRUL]RQWDOO\DQGYHUWLFDOO\DYHUDJHGFDQRS\DNLQWRWKRVH ? ? ?
XVHGE\FRQYHQWLRQDOWHUUHVWULDOELRVSKHUHPRGHOVsee SI Appendix S3 for further information on  ? ? ?
the model formulation ? ? ?
('DQG('%/PRGHOVZHUHUXQIRUWKHHQWLUH$PD]RQEDVLQIRUFHGZLWKDUHVFDOHG ? ? ?
1&(3UHDQDO\VLVSURGXFWDQGREVHUYDWLRQEDVHGVRLOPDSVDWUHVROXWLRQDQG ? ? ?
LQFUHDVLQJDWPRVSKHULF&2SI Appendix S37KHPRGHOUHVXOWVZHUHFRPSDUHGDJDLQVW ? ? ?
UHPRWHVHQVLQJHVWLPDWHVDJJUHJDWHGWRWKHVDPHUHVROXWLRQDVWKHPRGHOVLPXODWLRQV ? ? ?
3ORWEDVHGREVHUYDWLRQVZHUHPDGHRQWKHVFDOHRIKDDQGZHUHFRPSDUHGDJDLQVW ? ? ?
PRGHOVLPXODWLRQVIRUFHGZLWKVLWHVSHFLILFLQSXWV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